To detect genetic mutations in bud sport cultivars of peach, RLGS (restriction landmark genomic scanning) analysis was performed on 7 putative bud sport mutant cultivars after SSR (simple sequence repeats) analysis for identifying false-mutants. Three cultivars, 'Yawata Hakuho', 'Odoroki', and 'Kanoiwa Hakuto', postulated to be bud sport mutants, were confirmed as false-mutant cultivars. This suggests that other false-mutant strains of peach are also likely to be registered with the Plant Variety Authority as bud mutant cultivars. A stable RLGS profile of peach, obtained using NotI as a landmark enzyme, showed about 400 spots in a single experiment. Comparing the profiles between mutant and original cultivars, polymorphic spots were discovered in 2 mutatnt cultivars, 'Gyosei' and 'Nagasawa Hakuho', but were not detected by SSR analysis. RLGS was thus considered to be an effective method to detect very small genomic variations in mutant strains.
Introduction
Japanese peach cultivars consist of inbred varieties that originated from a limited number of cultivars introduced from China and Europe in the late 19th century (Yamaguchi, 1990) . Detecting mutants is one of the most important breeding methods to obtain new cultivars with superior characteristics in fruit tree species such as peach. Many bud mutant peach strains with beneficial characteristics such as early maturing and high coloring have been discovered. After being registered with the Plant Variety Authority as new cultivars and becoming widely cultivated, the genetic similarity among peach cultivars has increased. This narrowed genetic diversity prevents the distinguishing of cultivars by isozymes (Agarwal et al., 2001; Arulsekar et al., 1986) or RAPDs (Warburton and Bliss, 1996) .
Recently, SSR (simple sequence repeat, also known as microsatellite) studies have allowed plants to be discriminated individually, and have also contributed to parentage testing and the identification of mutants. As a result, some misinformation about the process of breeding has been revealed. For example, the discordance in SSR genotypes revealed that some presumed mutant cultivars were actually not mutations. On the other hand, it is impossible to discriminate true bud mutants from the original cultivars by SSRs, because the genotypes appear to be identical (Yamamoto et al., 2003) .
The correct genetic background of a cultivar should be known when it is cultivated or used as a breeding material. In the registration of mutant cultivars of vegetatively propagated crops, it is important to identify and separate the two varieties, that is, the bud mutant cultivar and the original one, because the scope of the breeder's right of the former is within the right of the latter under Article 14 (5) of the International union for the protection of new varieties of plants (UPOV) convention, 1991. Furthermore, mutants are very important materials for elucidating physiological phenomena related to important characteristics (Kobayashi et al., 2004) . To analyze these phenomena, it is necessary to distinguish and use true mutant strains having variations in these phenotypic characteristics.
Restriction Landmark Genomic Scanning (RLGS) has been developed as a highly efficient method for scanning the genome of higher organisms including mammalian species. It is based on the principle that restriction enzyme 21 sites can be used as landmarks. Genomic DNA is directly labeled at sites for specific restriction enzymes, and then the fragments are separated with two-dimensional electrophoresis, followed by autoradiographic detection as a pattern of spots. RLGS has the following advantages: (i) It has an informative scanning capacity, allowing the detection of thousands of landmarks in a single profile; (ii) It can be applied to any organism, because it does not require hybridization procedures; (iii) The use of different enzymes allows the scanning field to be expanded; and (iv) Spot intensity reflects the copy number of DNA fragments.
Recently, RLGS has been used in plant genome analysis, such as for the investigation of genetic similarity in rice (Kawase, 1994) , the analysis of chemical mutants of arabidopsis (Matsuyama et al., 2000) , and heavy-ion irradiation mutants of rice (Abe et al., 2002) . However, RLGS analysis of somatic mutations in vegetatively propagated crops has not yet been performed.
In this study, peach cultivars presumed to be bud mutants and their original cultivars were first analyzed by SSRs to determine whether the former are truly mutants or not. Then, genetic variations of true bud mutant cultivars indistinguishable by SSRs were detected by RLGS.
Materials and Methods

Plant materials
Ten peach cultivars, 'Akatsuki', 'Gyosei', 'Reiho', 'Hakuho', 'Nagasawa Hakuho', 'Yawata Hakuho', 'Hikawa Hakuho', 'Odoroki', 'Asama Hakuto', and 'Kanoiwa Hakuto', were used (Table 1) . Fresh young leaves were collected in July, and stored at −80°C until use. All cultivars are preserved at the National Institute of Fruit Tree Science (Ibaraki, Japan) and registered in the National Institute of Agrobiological Science Genebank.
DNA preparation
Total DNA was extracted using part of the protocol of plant DNA minipreparation version II (Dellaporta et al., 1983) , and purified by the QIAGEN Genomic-tip System (QIAGEN, Germany). A 0.5 g sample of leaves was suspended in 20 mL of TNE buffer (0.1 M Tris-HCl, 0.5 M NaCl, 0.05 M EDTA·Na 2 ) containing 2% 2-mercaptoethanol, 1 mg·L −1 proteinase K, and 0.01% polyvinylpyrrolidone (insoluble). SDS was added to the solution at 2%, the solution was incubated at 55°C for 30 min, and then a one-third volume of 5 M potassium acetate was added. The solution was then rotated gently, incubated at 0°C for 1 h, and subsequently spun at 4000 × g for 15 min. The supernatant was poured through a Miracloth filter (Calbiochem, USA) into a clean tube containing isopropanol. The filtered solution was mixed gently and DNA was pelletized at 600 × g for 2 min. After the supernatant was poured off, the pellet was washed with 40% isopropanol, and then resuspended in 10 mL of G2 buffer (Genomic DNA buffer set, QIAGEN) containing 1% 2-mercaptethanol and 100 µg·L −1 RNase A. Finally, the DNA was purified by a QIAGEN Genetic-tip 100/G column following the protocol for tissue DNA extraction.
SSR analysis
Seventeen SSR markers, used in the parentage analysis of Japanese peaches (Yamamoto et al., 2003) 
, MA031a (AB077137), and MA035a (AB077139), were provided and used for SSR-PCR amplification. PCR amplification was performed in a 10 µL Ex-PCR buffer (TaKaRa Bio, Japan) containing 0.2 mM each of dNTPs, 0.5 µM of each forward primer labeled with a fluorescent chemical (FAM, TET or Hex) and unlabelled reverse primer, 5 ng of genomic DNA, and 0.25 unit of Ex-Taq polymerase (TaKaRa Bio). The PCR products were separated and detected using an ABI PRISM 3100 DNA sequencer (Applied Biosystems, USA). The size of the amplified bands was determined based on an internal standard DNA (GeneScan400HD Size Standard, Applied Biosystems) with GeneScan software (Applied Biosystems). Allele size data were rounded down to the nearest whole number.
RLGS method
RLGS was performed according to Asakawa (1996) with some modifications. Three µg of DNA was digested with landmark enzyme NotI (5 units·µg −1 DNA) and second restriction enzyme EcoRV (5 units·µg −1 DNA). The end of DNA was filled in with Sequenase ver. 2.0 (GE Healthcare Bio-science, USA) in the presence of radioisotopes, both [α-
32 P]-dCTP (6000 Ci·mmol −1 ) and
). The labeled DNA was electrophoresed on 0.9% agarose gel with a firstdimension (1D) buffer (100 mM Tris-HCl, 40 mM sodium acetate, 36 mM NaCl, 4 mM EDTA·Na 2 ) containing 5% sucrose at 1.5 V·cm −1 for 42 h for 1D-electrophoresis. In-gel digestion was performed using 200 units of restriction enzyme MboI per gel. Second-dimensional (2D) electrophoresis was performed on 5% polyacrylamide gel containing 1% glycerol with TBE buffer (50 mM Tris-HCl, 60 mM boric acid, and 1 mM EDTA·Na 2 ) at 2.5 V·cm −1 for 42 h. Finally, the gels were dried and exposed to X-ray films (Hyperfilm MP, GE Healthcare Bio-Science, USA) for 2-15 days at −40°C or exposed on a storage phosphor screen (Molecular Dynamics, USA) for 8-60 h at 4°C. The RLGS profiles were compared with each other using Image Master 2D platinum (GE Healthcare Bio-Science).
Results and Discussion
SSR analysis
Genotypes of 17 SSR markers in 10 cultivars including 7 presumed bud sport mutants are shown in Table 2 . The SSR allele sizes of 'Akatsuki', 'Gyosei', 'Hakuho', and 'Hikawa Hakuho' were different from the values measured by Yamamoto et al. (2003) using a PRISM 373 DNA sequencer. In particular, the amplified fragment length of each allele was shorter in the constant value in 12 of the 17 SSR loci: 2 bp (MA031a), 3 bp (M6a, MA006a, MA013a, MA014a, MA015a, and MA023a), 4 bp (MA017a, MA024a, and MA030a), and 5 bp (M1a and M4c). In the remaining 5 loci, differences between allele sizes were not necessarily integral multiples of the repeat size (2 bp in this experiment). For example, the M12a locus showed 172 and 191 bp alleles. However, it was already reported that the estimated allele size using automated DNA sequencer and analysis software (called size) might differ depending on the fluorescent dye, nucleotide base composition of microsatellite loci, DNA sizing standards, electrophoresis conditions, etc., and that numerical values might differ slightly from the actual size determined only by sequencing (Delmotte et al., 2001; Haberl and Tautz, 1999; Rossouw et al., 2002) . In addition, the differences in the latter 5 loci may have 2 other causes, as already reported (Delmotte et al., 2001; Koumi et al., 2004) . The called size obtained by analysis software is a fractional value, and has some variation, even between different capillaries in the same run. However, this fractional value is usually rounded to a whole number in publications. Therefore, the value of the same allele may differ by 1 bp, especially when using different rounding methods.
The other reason is that differences in the called size per repeat unit of SSR are not detected as exact integral values due to the composition of the repeat unit. Thus, the estimated size may shift by 1 bp or more from the true difference, especially between alleles with many different repeat numbers (Delmotte et al., 2001; Haberl and Tautz, 1999) .
Therefore, it was concluded that the inference about parentage was the same between this study and that of Yamamoto et al. (2003) in spite of the disparity in estimated allele size. That is, 'Gyosei' is inferred to be the true bud mutated cultivar of 'Akatsuki', and 'Hikawa Hakuho' does not even have a parent-offspring relationship with 'Hakuho'.
'Reiho' showed identical SSR genotypes with the original cultivar 'Akatsuki'. In contrast, among the 4 presumed mutation cultivars of 'Hakuho', only 'Nagasawa Hakuho' showed identical genotypes with its original, 'Hakuho'. Fifteen of the 17 SSR loci were dispersed in 6 of 8 linkage groups on an integrated genetic linkage map of Prunus (Dirlewanger et al., 2004; Yamamoto et al., 2005) ; the other 2 SSR loci were unmapped. In the crossbreeding of fruit tree cultivars that are not pure lines, it is highly unlikely that crossed seedlings have identical genotypes with already existing cultivars in multiple SSR loci located in different linkage groups. Consequently, 'Gyosei' and 'Reiho' were confirmed as bud mutations of 'Akatsuki', whereas 'Nagasawa Hakuho' was confirmed as a bud mutation of 'Hakuho'.
In contrast, 8 and 10 loci in the 17 SSR examined loci showed different genotypes between 'Yawata Hakuho' and 'Hakuho', and between 'Kanoiwa Hakuto' and 'Asama Hakuto', respectively. However, they still have a possibility of a parent-offspring relationship with their original cultivar, since these 'mutants' and the original shared at least 1 allele in all SSR loci. In addition, 'Kanoiwa Hakuto' shared at least 1 allele in all SSR loci with 'Hakuho'; thus, 'Kanoiwa Hakuto' also has the possibility of a parent-offspring relationship with 'Hakuho'. However, assuming that 'Kanoiwa Hakuto' is the seedling between 'Asama Hakuto' and 'Hakuho', there is a discrepancy at 2 SSR loci, M4c and MA030a. Furthermore, 11 of the 17 SSR loci showed differences between 'Odoroki' and 'Hakuho', and loci M4c and MA027a showed no common alleles between the 2 cultivars. This suggests that 'Odoroki' is neither a bud mutant of 'Hakuho' nor has a parent-offspring relationship with it.
Relation between morphological alteration and SSR profile Three cultivars, 'Yawata Hakuho', 'Odoroki', and 'Kanouiwa Hakuto' were newly confirmed as falsemutant cultivars by SSR analysis, in addition to 'Hikawa Hakuho' already reported by Yamamoto et al. (2003) . These 4 false-mutants, especially 'Odoroki' and 'Hikawa Hakuho', both of whose parentage with presumed original cultivars was disproved, have conspicuous phenotypic changes that are difficult to explain by mutation. 'Odoroki' showed changes in 3 independent characteristics: from melting to stony hard in flesh firmness, from fertility to abortion in pollen formation, and highly colored fruit skin. Furthermore, 'Hikawa Hakuho' showed one quite remarkable change in the maturation period: 2 to 3 weeks earlier than that of 'Hakuho' (Table 3 ). The flesh firmness trait of peach is believed to be controlled by 2 genes, Hd/hd (normal/stony hard) and M/m (melting/non-melting). They were inherited independently, and then the phenotype of stony hard and melting flesh was expressed by the hdhdmm and Hd-Mgenotypes, respectively (Haji et al., 2005) . Thus, 2 different genes would have been mutated if 'Odoroki' had actually been a bud-sport of 'Hakuho'. Fruit maturing time was suggested to be regulated by genes located in linkage groups 3 and 8 (Ono et al., 2004) . Thus, physiological changes controlled by independently inherited multiple genes in 'Odoroki' and a remarkable shift of quantitative traits located on multiple linkage groups observed in 'Hikawa Hakuho' are consistent with a multitude of discrepancies of SSR genotypes.
In conclusion, since 4 out of 7 cultivars presumed to be bud mutants were found to be false-mutant cultivars, it appears that other false-mutant strains are also likely to be registered as bud mutant cultivars. Thus, to analyze peach mutant cultivars, it is first necessary to confirm the identity of the original cultivar by SSR analysis, followed by RLGS analysis to detect molecular variations. RLGS analysis and polymorphism in true and false mutants Stable RLGS profiles were obtained using high molecular weight DNA extracted by the method described above. The RLGS profile using NotI as a landmark enzyme showed about 400 spots in a single experiment using either an X-ray film or storage phosphor screen (Fig. 1A, B) . The genome size of peach is estimated to be about 270 Mb (Dickson et al., 1992) . The RLGS profile of peach showed about 350 spots in the area of 0.5-6.5 kb in 1D and 0.1-2.0 kb in 2D. In their study, Matsuyama et al. (2000) reported that the rice, whose genome size is 389 Mb (International Rice Genome Sequencing Project, 2005) , profile consisted of 3000 spots, arabidopsis, whose genome size is 125 Mb (Arabidopsis Genome Initiative, 2000), had 200 spots, and tobacco, whose genome size is 5733 Mb (Narayan, 1987) , had 600 spots in the same range using the same enzyme set. The number of spots of the RLGS profiles using a methylation-sensitive restriction enzyme like NotI for the landmark enzyme might not be proportional to the genome size, because the degree of methylation varies depending on stage, tissue, and other reasons (Xu et al., 2004) . Therefore, we cannot evaluate whether the number of spots in peach obtained in this study is large or small in comparison with other plants.
About 250 clearly separated spots in the area of 0.5-6.0 kb in 1D and 200-1400 bp in 2D were further analyzed. 'Gyosei', which was confirmed to be a bud mutant of 'Akatsuki' by SSR analysis, demonstrated almost the same profile as that of 'Akatsuki'. Two closely adjacent spots around 2.3 kb in 1D and 1350 bp in 2D were present in 'Akatsuki', whereas only 1 spot was present in the profile of 'Gyosei' (Fig. 1C, D) . These spots were also detected in the profiles of 'Hakuho', 'Nagasawa Hakuho' (mutant of 'Hakuho'), 'Akatsuki' (offspring of 'Hakuho'), 'Reiho' (mutant of 'Akatsuki'), 'Yawata Hakuho', and 'Kanoiwa Hakuto'; the latter 2 have a possibility of a parent-offspring relationship with 'Hakuho'. Thus, there is a possibility that, with the exception of 'Gyosei', offspring can inherit this trait from 'Hakuho'. The relative intensity of this remaining spot of 'Gyosei' was stronger than that of 'Akatsuki' (Fig. 1E,  F) . A likely explanation is that the DNA fragment of spot 1 was shortened due to some changes in the base sequence, and became nearly the same size as the fragment of spot 2. Another assumption is that the DNA fragment of spot 1 was shortened by changes in the methylation status at restriction sites of methylation-sensitive enzymes, NotI or MboI, such as, the epigenetic hypomethylation of direct repeats located in the 5' region of the FRA gene caused a flowering delay in the fwa mutant plant of arabidopsis (Soppe et al., 2000) .
Identical profiles were obtained from 'Reiho' and 'Akatsuki' (data not shown). The profile of 'Nagasawa Hakuho' showed 1 additional spot around 2.3 kb in 1D and 550 bp in 2D as compared with that of 'Hakuho' (Fig. 2) . This spot was detected only in 'Nagasawa Hakuho', and not in any of the other 9 analyzed cultivars.
On the other hand, the cultivars confirmed to be falsemutants showed many more different spots from their original cultivars (Table 3) . Eleven polymorphic spots were detected between 'Hakuho' and 'Yawata Hakuho', and 25 polymorphic spots were found between 'Hakuho' and 'Hikawa Hakuho'. Fourteen spots were different between 'Hakuho' and 'Odoroki'. Twenty-five spots were different between 'Asama Hakuto' and 'Kanoiwa Hakutou' (Fig. 3) . In addition, many spots showed different intensities between these false-mutants and their presumed original cultivars. Concerning the proportional relationship between the spot intensity of the RLGS profile and the copy number of the DNA fragment, it is unlikely that these simultaneous changes in intensity were due to mutation in one individual.
Comparing the RLGS profiles between original and Fig. 2 . The RLGS profile of 'Hakuho' (A) and the bud mutant 'Nagasawa Hakuho' (B) using NotI-EcoRV-MboI. The specific spot of 'Nagasawa Hakuho' is indicated by an arrowhead.
mutation cultivars, we discovered polymorphic spots in 2 out of 3 sets of the mutant and original, and revealed that RLGS could be an effective method to detect very slight genomic variations in mutant strains. However, while 'Reihou' has a truly distinctive phenotypic trait of late maturing from its original cultivar, 'Akatsuki', there was no difference in the RLGS profile between them. If other restriction enzyme sites are used as a landmark, perhaps some polymorphic spots could be detected. In bud mutant cultivars of Japanese pear, a possible case of periclinal chimera was reported by Sassa et al. (1997) , because remaining original tissue indistinguishable by Southern hybridization was detected by PCR. If true bud mutant cultivars of peach examined in this study were periclinal chimeras, not only spot addition or extinction but also spot incrassation or thinning may appear, depending on the proportion of mutated and original cells. It has been reported that there are genomic variations that have not affected phenotypes in vegetatively propagated plants (Hocquigny et al., 2004) . It remains to be elucidated whether polymorphic spots in RLGS profiles of mutation cultivars are related to changes in phenotypes by analyzing more replicated plants of mutants. Furthermore, if a mutation occurred as a periclinal chimera without a mutated L2 cell layer, which is the origin of gametophytic tissues, it would not be transmitted to the progeny (Hocquigny et al., 2004) . Therefore, the inheritance of both mutated traits and these spot variations needs to be investigated. Our next project is to thus devise PCR-based markers for discriminating between bud mutations and originals, and to investigate the genomic information of or around the polymorphic DNA spots discovered by RLGS. Moreover, it will be possible to obtain genetic information related to physiological or morphological characteristics by analyzing several distinct mutant cultivars showing the same alterations in the same phenotypes.
